Purpose/Objective: To quantitatively assess 3D geometric distortion of MR images acquired on a 1.5T wide bore (70cm diameter) MR-simulator (Optima MR450w, GEHealthcare, Milwaukee, WI), using a large customized geometry accuracy phantom consistent with NEMA MS 12-2010 standard. Materials and Methods: A large phantom (size LxWxH in cm: 55x55x37.5) was constructed by following NEMA MS 12-2010 standard, made of polyurethane foam (invisible in MR and CT) layers embedded with spherical paintball markers (6mm diameter, visible in MR and CT) arranged on a 3D grid matrix (isotropic interval of 25mm). (Figs a, b) . A reference phantom image was acquired on a CT-sim scanner (Lightspeed RT16, GEHealthcare, Milwaukee, WI). 3D fast spoiled gradient echo sequence was used in MR acquisition TR/TE=5.8/2.5ms, FOV=500mm, isotropic voxel size=1.3mm, Flip angle=60º, NEX=4, receiver bandwidth =62.5kHz, with geometric correction). Axial, sagittal and coronal images were individually acquired within a single scan. A Matlab (Mathworks, Natick, MA) script was developed to 1) automatically locate all markers in both MR and CT images; 2) establish correspondence between markers in MR and CT images; 3) compute positional deviation of markers to quantify geometric distortion. Absolute marker deviation was calculated as the 3D distance between the marker position in MR image and its corresponding position in CT image.
Results:
The average and maximum deviations of markers are listed in Table. 1. The sagittal acquisition achieved a <1mm maximum deviation for 100mm DSV, comparable to the image distortion requirement of a CT simulator (AAPM TG-66 Section III-D-4) for treatment planning. The sagittal acquisition outperformed others upto 200mm DSV, while coronal acquisition showed the lowest deviations when DSV≥500mm. The average deviations were smaller or close to 1mm and 2mm within a DSV of 250mm, and 500mm respectively. Considering low marker deviations, coronal acquisition was 3rd ESTRO Forum 2015 S519 selected to further investigate the geometric distortion under large DSV. Its marker deviation distribution is plotted in Fig.  c . Although more large error markers appeared in large DSV, the majority of the markers (68%) stayed within 2mm error. In Fig. d , 3D geometric distortion of coronal acquisition was also visualized by deforming a 3D cubic grid (isotropic interval of 75mm) according to marker deviations. Conclusions: We rigorously assessed 3D geometric distortion of a wide bore MR-sim scanner using a large customized phantom. The results of low average marker deviations indicated that geometry fidelity of this MR-sim has potential to brain applications (DSV<250mm) but yet to be further improved for large-FOV body studies. Further in vivo studies are warranted to investigate the influence of tissue susceptibility and chemical shift on MR image distortion.
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Patch-based generation of a pseudo-CT scan for MRI-only based radiotherapy in the pelvic region D. Andreasen 1 , K Purpose/Objective: In RT based on MR as the only modality, the information on electron density which is usually contained in the CT must be derived from the MR. This is a challenging task, since no unique relationship between MR and electron density exists. Models used to predict a socalled pseudo CT (pCT) with pre-acquired and correlated MR/CT scans is a promising solution, and has been applied and validated in numerous forms for brain pCT generation. Few attempts, however, have been made to create pCTs of other body parts such as the pelvis. Though the prediction task is fundamentally the same as for brain scans, the pelvic region contains additional challenges. The greater spatial extent means that pelvic MR scans are potentially more affected by geometrical distortions, especially in regions far from the isocenter. Furthermore, the bones and bowels in the pelvic region have a greater heterogeneity than tissue in the skull, which must be accounted for in the pCT. In this pilot study, we apply a patch-based method (PBM) for a fully automatic pCT prediction based on T 2 -weighted (T2w) turbo spin-echo MR scans of the pelvis. Materials and Methods: Scans of the pelvis of 10 male RT patients were acquired on a Philips Big Bore CT and a 1 T open MR scanner with a body coil. The T2w scans were acquired with a voxel resolution of 0.5x0.5x4 mm for a matrix of 896x896x35 voxels. The CT scans were acquired with a voxel resolution of 0.8x0.8x2 mm for a matrix of 512x512x259 voxels. The CTs were cropped, resliced and rigidly registered to the T2w scans to ensure spatial correspondence between voxels. The PBM consisted of extracting 9x9x3 voxel patches from the MR scan of the test patient, and for each such patch finding the 8 most similar patches in a database of MR patches with corresponding CT patches. A similarity-weighted average of these database CT patches was then assigned to the voxels of the test patch. For each test patient, a database subset consisting of 5 patients' MR and CT patches were created. We found the most similar patches within a 23x23x5 voxel volume around each patch. For comparison, we created pCTs by bulk density assignment of all MR voxels within the body outline to 0 HU (MRIw) and by transferring the bone volume from the real CT to the MRIw pCT (MRIw+b). For each pCT, we evaluated the HU deviation from the real CT by the mean absolute error (MAE) and the Dice score of the bone volumes (HU>200). Table 1 , the patient average MAE indicates that the PBM produces more accurate pCTs than both MRIw and MRIw+b. In the lower graph of the figure, the results using the PBM show a reduction in the patient average MAE for most HU values compared to the MRIw. Still, the PBM has problems predicting cortical bone as revealed by the MAE at HU>1200 and by the Dice score.
Results: In

Conclusions:
In this study, we showed that a pCT of the pelvis could be generated from T2w MR scans using a PBM with greater accuracy than bulk density assignment. Improving cortical bone predictions, investigating geometric distortion, and performing a dosimetric evaluation are parts of our future work.
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